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The Etiology of 
HNitrate Poisoning" In Sheep 
w. H. PFANDER, G. B. G ARNER, W. c. ELUS AND M. E. MUHRER 
In the summer of 1954, many ruminants died in Missouri after con-
suming drouth stunted maize plants (1, 2) . When the maize was ensiled, 
reddish-brown and yellow oxides of nitrogen, such as those described by 
Petersen (3), were released. At least one man died after entering a "fum-
ing" silo. Experiments were initiated to determine if the amounts of po-
tassium nitrate found in typical drouth forages (1, 4) were lethal to sheep 
and to determine some of the effects of nitrate toxicity on the physiology 
of sheep. 
MATERIALS AND METHODS 
Small type yearling western wethers originating in Texas were used in 
these experiments. All sheep had been fismlated at least one month before 
they were used in any of the experiments. 
T he sheep used for the intravenous studies were maintained on a ra-
tion of 800 g. of chopped timothy hay and 212 g. of a concentrate mixture 
fed in two equal feeds. The concentrate contained 6.7% nitrogen, 1% cal-
cium and 0.84% phosphorus. 
Sterile solutions used in the intravenous infusion experiments were 
isotonic with sheep blood and were administered through a polyethylene 
rube inserted into the left external jugular vein at a rate of 180 ml. per 
hour under a pressure of 6 ft. of water. The sheep were in individual 
crates and had access ro their regular rations during these experimenrs. 
Observations on heart rate and respiration race were made at hourly in-
tervals. Blood was sampled at 0, 2, and 12 hours and analyzed for methe-
moglobin by the method outlined by Hawk, Oser and Summerson (5). 
The reduction of nitrate and nitrite in vitro by organisms from sheep 
fed various rations was studied. Rations studied included: 800 g. chopped 
alfalfa hay; 800 g. chopped alfalfa hay and 400 g. corn; 2000 g. corn silage; 
800 g. timothy hay and 100 g. corn search. Except for about 2 hours at 
feeding time, the sheep were in a large concrete floored lot with access co 
water and a trace-mineralized salt. 
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Three hours after the sheep were given their morning feed. about 125 
mL of rumen contents were removed through th<: fistula. After shaking, 
the rumen contents were srrain~:d throug h four layers of cheese cloth. 
Twenty mi. of the strained fluid wer<: im:ub:ned \Virh various concentra-
tions of potassium nitrate or soduim nitrite ar 39° C. Samples were re-
moved from the tubes at various times and the concentration of nitrate 
and nitrite remaining was determi ned by th<: methods of Garner, et al. 
(6) and Saltzman (7). 
The absorption studies were made on anesthetized sheep. using the 
technique of Pfander and Phillipson (~). Potassium nitrate or nitrite was 
mixed with 3 liters of Kreb's ringer bictrbon:n<: c.:ontaining physiological 
levels of volatile farcy acids :111d pbced in th<: rurm·n. Blood and rumen 
samples were obtained :IC 30-minute and !-hour inccn·als after th<:: test so-
lutions had been placed in the rumen. 
Nitrate was determined by diphenyl:unine m<:thod and nitrite by the 
sulfanilic acid alpha naphtbolamine method('>) in 1<))5. Nitrite: was de-
termined by a modification of the method of Saltzman (7) and nitrate by 
the method of Garner. et al. (6) in 1956. 
RESUL TS 
Table 1 summarizes the effect of intr:twnous :tdministration of nitrate 
or nitrite into sheep. \XIhen cith<:r 1 or 2 ~l g. of pntassium n itrate per 
kilogram of body weight was administer<:d. riH:rc were no indications of 
serious difficulty. Respiration :tnd heart r:ttl'S did nne d1ange and no me-
themoglobin formed. The higher levd did ctus<: dirucsis :tnd dehydration; 
however, the sheep involved w:ts nor ofl(:n:d war<:r during th<: 24 hours 
that he was in the metabolism cage. 
TABLE 1. THE EFFECT ON WETHERS OF INTRA VENOUS POTASSIUM 
NITRATE OR NITRITE 
Sheep No. Weight, kg. Salt Administered Effect 
22 25 25.0 g. KN03 No noticeable effect 
23 25 2.8 g. KN02 *Dead 2 hrs. after start of 
administration. 
25 36 90.0 g. KN03 Dehydration; diuresis, high 
concentration KN03 in 
urine; no methemoglobinemia. 
27 34 2.5 g. KN02 *Dead within 3 hours. 
*These sheep were e:xamined by Loren Kintner , D.V.M., of the Department of Pathology, School of Veterinary Medicine. Diagnosis: Methemoglobinemia ("nitrate poisoning"). 
' 
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The intravenous administration of 2.5 g. potassium nitrite (73.5 mg./ 
kg. of body weight) killed sheep within 2 hours. More than 70 percent of 
the hemoglobin was changed to methemoglobin. Since the introduction of 
potassium nitrite, but not nitrate, inco the blood srream produced the 
sympoms of " ni trate poisoning," the toxicity of ni trate observed under 
field conditions (1, 4, 12) must have followed a reduction of the nitrate 
to nitrite by the rumen flora and the subsequent absorption of nitrite. This 
theory had been proposed by other authors (9, 10) but they had not estab-
lished the site of the absorption. 
The in vitro reduction of nitrate by rumen organisms from sheep 
fed different rations is shown in Table 2. 
TABLE 2. THE I N VITRO REDUCTION OF KN03 TO AMMONIA BY RUMEN 
ORGANISMS FROM SHEEP FED VARIOUS RATIONS 
Sheep No. Ration 
Micrograms KN03/ml. reduced!!!._ vitro. 
Original concentration, 3 mg./mi. 
15 min. 90 min. 180 min. 
15 Alfalfa * 9.8 20.6 23.3 
4.2 10.4 10.7 
8 Alfalfa t hat contained * 6.3 13.8 12.6 
nitrate 3.2 8.6 11.'7 
16 Alfalfa + corn * 2.2 3.1 4.i. 
2.0 2.6 3.3 
20 Corn silage that contained * 6.1 13.8 14. '7 
nitrate 3.5 9.8 15.8 
11 Timothy + cere1ose 0 .8 1.4 
12· Timothy + cere1ose 0 1.2 2.8 
13 Timothy + cere1ose 0 .8 3.6 
17 Timothy + cerelose 0 0 0 
19 Timothy + cerelose 0 1.8 4.3 
* Glucose added in vitro. 
---
Organisms from the sheep that were fed alfalfa were most active, re-
ducing about 6% of the added nitrate in three hours. The addition of 
glucose appeared to double the ini tial nitrate reduction in animals 8, 15, 
and 20, which were receiving roughage rations, but had little effect on 
organisms from sheep 16, which was receiving hay and corn. Organisms 
obtained from sheep fed on timothy hay and cerelose had a limited ability 
to reduce nitrate. In fact, the organisms from sheep 17 seemed to have no 
capacity to reduce nitrate. 
The abili ty of rumen organisms from sheep maintained on alfalfa or 
on alfalfa and corn to reduce added nitrite in vitro is shown in Figures 1 
and 2. 
In both cases, the organisms rapidly reduced small amounts of nitrite; 
as the concentration was increased, it became progressively more difficult 
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(A) .05 mg Na N02 per cc (B) .10 mg Na N02 per cc (C) .2 mg Na N02 + 5 mg glucose 
per cc 
(Cl (D) .2 mg :-Ia N02 per cc (8) (E) .4 mg Na N02 + 5 mg glucose per cc 
(F) .4 mg Na N02 per cc 
(Gl .8 mg Na N02 + 5 mg glucose per cc 
(H) .8 mg Na N02 per cc 
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Fig. 1-T he in vitro reduction of N O , by rumen organisms from sheep No. 15 
which was fed alhlfa hay. 
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(F) .4 mg Na N02 per cc (G) .8 rng Na N02 + 5 mg glucose per cc (H) .8 rng Na N02 per cc 
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Fig. 2-T he in vitro reducrion of N O, by rumen organisms from sheep No. 16, 
which was fed alfalfa hay and corn. 
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for the rumen organisms to effect reduction. Added glucose helped speed 
reduction at lower levels of nicrite but became ineffective when nitrite 
was added at levels of 0.8 mg. per ml. of fluid. This suggests that if large 
amounts of nitrite are produced, it may be impossible for rumen organ-
isms to further reduce this material to ammonia. The absorption of nitrite 
from the rumen or its passage to and absorption from the lower gastro-
intestinal trace could then very quickly lead to the production of suf-
ficient methemoglobin to cause death. 
The results of absorption experiments are in Tables 3 and 4. Failure 
to demonstrate absorption of nitrate in the 1955 experiment can be at-
tributed to the low sensitivity of the diphenylamine method (11) used 
for determining nitrate. The nitrate concentration of the fluid added ro the 
rumen was just within the sensitivit y of the method and no nirrare was 
detected in the blood serum. Nitrate absorption was apparent in the 1956 
experiments when the more sensitive microbiological method of Garner, 
et al. was employed. 
The reason for the conflicting data obtained on nitrite absorption in 
1955 and 1956 is nor known. Although the 1956 rests indicate significant 
absorption, nitr ite introduced into rhe rumen was nor as roxie as similar 
amounts introduced into rhe blood stream. 
Hour 
0 
1 
0 
1 
0 
1 
TABLE 3. THE ABSORPTION OF POTASSIUM NITRATE FROM THE 
RUMEN OF SHEEP 
Volume in 
rumen, ml. 
Nitrate 
concentration 
% 
Total 
nitrate 
{mg.) 
1955 Experiment 
2, 750 0.06 1,650 
2,750 0.06 1,650 
Absorbed per hour (mg.) . . . . . . .... 0 
4,345 
2,345 
1956 Experiments 
0.034 1,477 
0.041 961 
Absorbed per hour (mg.) ... ........ 516 
% of initial absorbed per hr. . . . . . . . . 35 
3,000 0.068 2,040 
2,865 0.055 1,576 
Absorbed per hour (mg.) . . . . • . . . . . 464 
% of initial absorbed per hr. . . . . . . . . 23 
Serum 
nitrate 
(mg./100 mi.) 
neg. 
neg. 
2.3 
2.7 
0.8 
3.3 
Hour 
0 
1 
0 
1 
0 
1 
0 
1 
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TABLE 4. THE ABSORPTION OF POTASSIUM NITRITE FROM THE 
RUMEN OF SHEEP 
Nitrite Total Serum Volume in concent ration nitrite nitrite 
9 
rumen, ml. (%) (mg.) (mg./100 ml. ) 
1955 Experiments 
2,740 0.067 1,835 neg. 1,780 0.067 1,835 neg. 
Absorbed per hour (mg.) .........•. 0 
3,000 0.063 1,890 neg. 2,990 0.063 1,884 neg. 
Absorbed per hour (mg.) ........ . •. 6 
1956 Experiments 
2,470 0.102 2,468 2.7 2 ,250 0.087 1,971 4.9 
Absorbed per hour (mg.) ... . . • .. ... . 497 
% of initial absorbed per hr .......... 20 
2,965 0.070 2,005 0.8 2,780 0.060 1,668 2.1 
Absorbed per hour (mg.) . . . . •. .... . 337 % of initial absorbed per hr ... ..... .• 17 
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DISCUSSION 
Sheep were able to tolerate the intravenous introduction of more than 
ten times as much nitrate as nitrite. This would indicate that reduction of 
dietary nitrate by microflora is necessary before "nitrate poisoning" of 
rummants can occur. 
In agreement with Shaprio, et al. (9) and Lewis (10), bacteria capable 
of reducing nitrate ro nitrite are present in the rumens of sheep fed a 
variety of feeds. Glucose added in vitro often speeded the reduction. How-
ever, organisms obtained from sheep adjusted to rations containing added 
glucose or corn had only limited ability ro reduce nitrate. This low re-
ductive power may be either a reflection of the number and types of bac-
teria that developed in the sheep or of the effect of carbohydrates on the 
nitrogen metabolism of the bacteria present. 
Our experiments confirm the report of Lewis (10) in that the reduc-
tion of nitrite appears to be the rate limiting step in the overall reduction 
of nitrate co ammonia. At low levels, this reduction can be increased by 
the addition of carbohydrate sources such as glucose. This emphasizes the 
importance of an adequate source of readily available carbohydrate in the 
overall protection of the ruminant from "nitrate poisoning." 
The absorption experiments demonstrate that both nitrate and nitrite 
can be absorbed from the rumen. The volatile fatty acids were absorbed at 
rates similar to those previously reported for the intact animal (8). Unless 
the absorption of nitrate and nitrite is governed by a mechanism other 
than active transport, similar races can be predicted for the unanesthetized 
sheep. If the reduction of nitrate co nitrite in the rumen can be prevented 
or if the reduction of nitrite to ammonia can be made co occur very 
rapidly, there should be lircle danger of roxie levels of nitrite appearing in 
the blood. Apparendy roxie levels of nitrite in rhe blood may result from 
the reduction of nitrate to nitrite and absorption of the nitrite from the 
rumen or the lower gastrointestinal tract. 
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SUMMARY 
"Nitrate poisoning" was produced experimentally by infusing 73.5 mg. 
of potassium nitrite per kilogram of body weight inco the external jugular 
vein of sheep. Two and one-half g. potassium nitrate per kilogram of body 
weight caused a transient diuresis, dehydration and high urinary excretion 
of nitrate but no symptoms of "nitrate poisoning." 
The in vitro reduction of potassium nitrate was most rapid when ru-
men organisms came from sheep fed rations which contained alfalfa hay. 
Added glucose increased rhe in vitro reduction. Organisms from sheep fed 
rations containing low grade roughage and cerelose had only a limited 
ability to reduce nitrate. 
The in vitro reduction of nitrite was also increased by supplemental 
glucose, indicating the importance of readily available carbohydrates in 
speeding the overall reduction of nitrate to ammonia. 
Absorption studies indicate that the amount of nitrite absorbed from 
the rumen is not of great significance in the overall development of "ni-
trate toxicity." The major site of nitrite absorption remains obscure. If 
nitrate is not reduced in the rumen or if it is completely reduced to am-
monia, there will be little danger from "nitrate poisoning." 
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